Abstract
INTRODUCTION
Pancreatic cancer is one of most lethal solid tumors. Radical resection provides the only opportunity for long-term survival. However, long-term survival after resection remains poor as a result of a high incidence of recurrence. The 5-year survival rate after radical surgery is approximately 20% [1, 2] . It is urgent to find potential markers that can accurately predict postoperative recurrence and help with decision making for subsequent therapies.
Systemic inflammation and nutrition status play an important role in cancer metastasis. Several preoperative haematological inflammation indices have been demonstrated as prognostic markers for pancreatic cancer. Peripheral blood cells, including neutrophils, lymphocytes, platelets, and monocytes, have been reported to be associated with malignancy degree of cancer [3, 4] . Inflammatory indices based on the levels of blood cells, such as the neutrophil-to-lymphocyte ratio (NLR) [5] and plateletto-lymphocyte ratio (PLR) [6] , have been used to predict the prognosis of patients with pancreatic cancer. Nutritional status, such as haemoglobin and albumin levels (prognostic nutritional index, PNI), has also been shown to be an important marker for predicting survival in cancer patients [7] . Recent studies have identified a new marker, hemoglobin, albumin, lymphocyte, and platelet (HALP), which consists of haemoglobin, albumin, lymphocytes, and platelets, to reflect both systemic inflammation and nutrition status. It has been reported to be associated with survival in patients with gastric [8] , colorectal [9] , renal [10] , and bladder cancers [11] . However, no studies have investigated the relationship between HALP and survival in patients with pancreatic cancer following radical resection. Thus, the aim of this study was to investigate the prognostic value of preoperative HALP in patients with resected pancreatic cancer.
MATERIALS AND METHODS

Patients
From March 2010 to December 2015, a total of 906 patients were screened. The inclusion criteria were as follows: (1) Pathologically confirmed pancreatic adenocarcinoma; and (2) Treatment with radical resection. The exclusion criteria were: (1) Incomplete clinicopathological and follow-up data (n = 15); (2) History of antitumor treatments (n = 69); (3) Record of other malignant tumors (n = 18); and (4) Total bilirubin level > 34.2 μmol/L (n = 222). Finally, 582 eligible patients were included in the study. All the clinical features, including routine blood tests and liver function tests, and the follow-up data from each patient with pancreatic adenocarcinoma, were prospectively recorded in our institutional database. The study was reviewed and approved by the Human Research Ethics Committee of Shanghai Cancer Center. Informed consent was obtained from each patient according to the committee's guidelines.
Patient follow-up
Each patient was routinely followed until death due to disease recurrence in compliance with a standardized protocol as described in our previous studies [12, 13] . Briefly, each patient was checked every month or more often by clinical and laboratory examinations after surgery. If local or metastatic recurrence was suspected, imaging tests (computed tomography scans, magnetic resonance imaging, bone scans, or positron emission tomography/computed tomography) were suggested accordingly. Overall survival (OS) was defined as the time interval from surgery to death or to the last follow-up visit. Recurrence-free survival (RFS) was defined as the time interval from surgery to tumor recurrence or to the last follow-up visit. If the event (death and recurrence) did not take place at the time of the last follow-up, the data were censored at the time of the last visit.
Statistical analysis
The NLR was calculated as the neutrophil count/lymphocyte count, the PLR was calculated as the platelet count/lymphocyte count, and the PNI was calculated as albumin level (g/L) + 5 × lymphocyte count (10 9 /L) [14] . HALP was determined by [8] . Cut-off values for the NLR, PLR, PNI, and HALP for subgroup classification of OS were illustrated with X-tile software (version v3.6.1, Yale University). The cut-off value with the minimum P value calculated from the log-rank χ 2 test for OS was determined as the optimal cut-off value. Relationships between categorical variables were analysed by Pearson's χ 2 or Fisher's exact test. KaplanMeier curves were used to plot the distribution of OS and RFS by group. The log-rank tests were conducted to compare the survival of patients among subgroups. Multivariate Cox regression survival analyses were performed to identify the independent association of all clinical features with survival. The minimum numbers of independently significant variables were determined by backward stepwise variable selection in the multivariate Cox regression survival analysis. All statistical analyses were performed with SPSS software, version 13.0 for Windows (SPSS, Chicago, IL, United States) and were two-sided. P < 0.05 was considered statistically significant.
RESULTS
Clinical features and patient survival
The clinical characteristics of the 582 patients included are described in Table 1 . The median age was 61 years (range, 29-82 years). Three hundred and nineteen patients were male. Two hundred and forty-three patients had tumors located in the head of the pancreas. More than 3 positive lymph nodes were detected in 75 patients, and 1-3 positive lymph nodes were found in 210 patients. Poorly differentiated tumors were confirmed in 221 patients. Vascular invasion and nerve invasion by the tumors were identified in 126 patients and 476 patients, respectively. Elevated preoperative serum CA19-9 was detected in 440 patients. Four hundred and seventy-seven patients received adjuvant chemotherapy. At the last follow-up, 255 patients died of the disease. The median OS time was 20.9 mo, and the OS percentages at 1 and 3 years were 66.0% and 32.9%, respectively. Tumor recurrence after surgery was confirmed in 405 patients. The median RFS time was 10.2 mo, and the percentages of RFS at 1 and 3 years were 41.1% and 13.9%, respectively.
Association between HALP and clinical features
The cut-off value of HALP was determined to be 44.56, which provided the best classification for survival prediction. A low level of HALP was present in 231 patients. Patients with low levels of HALP tended to have lymph node metastasis (P = 0.002), poor tumor differentiation (P = 0.032) and high TNM stage (P = 0.008, Table 2 ). A low level of HALP was more likely to be present in female patients (P = 0.005) or in patients with tumors located in the head of the pancreas (P < 0.001). Low levels of HALP were significantly associated with high NLR (P < 0.001) and PLR (P < 0.001) levels. A low level of HALP was significantly associated with a low PNI level (P < 0.001).
Low levels of HALP associated with poor RFS and OS
Univariate Cox regression analysis showed that high NLR and high PLR levels, low PNI levels and low levels of HALP were all associated with a short median time of OS and RFS (Table 3 ). The median time of RFS and OS in patients with low levels of HALP was 7.3 mo and 16.3 mo, respectively, compared to patients with high levels of HALP (11.5 mo and 23.6 mo, respectively; P < 0.001, Figure 1) . Multivariate Cox regression analysis demonstrated that a high level of HALP was an independent favor factor for both RFS [hazard ratio (HR) = 0.601, 95% confidence interval (CI): 0.433-0.835, P < 0.001] and OS (HR = 0.605, 95%CI: 0.472-0.774, P < 0.001) ( Table 3 ).
Low levels of HALP predicted poor OS and RFS classified by sex and tumor location
In both male and female patients, patients with a low level of HALP had a shorter median time of RFS (7.0 mo vs 9.5 mo, P = 0.002 for males; and 7.9 mo vs 14.5 mo, P < 0.001 for females; Figure 2 ) and OS (16.6 mo vs 19.7 mo, P = 0.014 for males; and 16.4 vs median time not reached, P < 0.001 for females; Figure 2 ) compared to patients with a high level of HALP. Regardless of tumor location in the head or body/tail of the pancreas, the median time of RFS (8.0 mo vs 11.9 mo, P = 0.007 for pancreatic head tumors; and 6.6 mo vs 11.5 mo, P < 0.001 for pancreatic body/tail tumours; Figure 3 ) and OS (18.2 mo vs 22.5 mo, P = 0.033 for pancreatic head tumors; and 14.6 mo vs 25.1 mo, P < 0.001 for pancreatic body/tail tumors; Figure 3 ) was significantly shorter in patients with low levels of HALP than in patients with high levels of HALP.
DISCUSSION
Systemic inflammation and malnutrition are recognized as important components of cancer. The novel HALP index represents a combination of haemoglobin and albumin levels as well as lymphocyte and platelet counts. HALP reflects the status of both host inflammation and nutrition. In this study, we demonstrated that HALP was associated with lymph node metastasis, tumor differentiation and TNM staging. HALP was first verified as a significant predictor of RFS and OS in pancreatic cancer patients without hyperbilirubinemia following radical resection. Systemic inflammation stimulates angiogenesis, immunosuppression, and the formation of supporting microenvironments that can promote the initiation, progression and metastasis of tumor cells [15, 16] . The infiltration of inflammatory cells, such as neutrophils, lymphocytes and platelets, has been verified in tumor tissues to improve the classification of survival in pancreatic cancer. Counts of these inflammatory cells in serum are commonly acquired in clinical practice. Inflammation indices based on these counts of immune and inflammatory cells in peripheral blood, such as the NLR [17] and PLR [18] , have also been demonstrated to improve the accuracy of survival prediction in pancreatic cancer. In the present study, both the NLR and PLR were associated with survival prediction in pancreatic cancer patients following radical resection. The HALP index, which was determined based on the counts of inflammatory cells, was positively correlated with both the NLR and PLR. Thus, HALP is considered a new potential marker which reflects systemic inflammation.
Anaemia is a common symptom in cancer patients. The association between decreased haemoglobin levels and poor quality of life has been demonstrated by randomized and controlled trials [19, 20] . The low level of haemoglobin is correlated with a poor response to treatment and deteriorates survival, especially in patients with late-stage disease [21, 22] . Serum albumin has been generally used to assess nutritional status and visceral protein synthesis function. Low levels of serum albumin have also been determined to be an independent risk factor for survival in pancreatic cancer patients [23, 24] . Consistent with a previous study, the PNI, which is based on the levels of albumin, has been reported to improve the prediction of survival in pancreatic cancer patients [25, 26] . More importantly, both haemoglobin and albumin synthesis might be inhibited by malnutrition and systemic inflammation in patients with extensive disease spread. The HALP index incorporates the factors of malnutrition (haemoglobin and albumin) with factors of the inflammatory response (counts of lymphocytes and platelets). HALP shows high superiority for predicting recurrence and survival in patients with resected pancreatic cancer. Multivariate Cox regression demonstrated an independent and advantageous role for the HALP index in the prediction of prognosis. Notably, haemoglobin and albumin levels and lymphocyte and platelet counts are commonly measured in the clinic. The HALP index can be easily and inexpensively applied to monitor the treatment response and patient survival in clinical practice.
A significant correlation between HALP and sex was observed in the present study. Male patients were more likely to have a high level of HALP than female patients. The correlation between HALP and sex was mainly ascribed to the difference in haemoglobin levels between male and female patients (138.1 g/L for males and 127.1 g/L for females, P < 0.001). The lower limit of the normal values of haemoglobin in males and females was innate (120 g/L for males and 110 g/L for females). Subgroup analysis based on sex demonstrated that a low level of HALP was associated with early recurrence and short survival in both male and female patients. Additionally, sex had no significant association with recurrence or survival. Thus, HALP can be used for the prediction of prognosis irrespective of sex.
Patients with tumors located in the body/tail of the pancreas were more likely to have a high level of HALP than patients with tumors located in the head of the pancreas. In the present study, we excluded patients with obstructive jaundice because of the significant association between albumin and total bilirubin levels. However, the levels of albumin (43.2 g/L vs 44.5 g/L, P < 0.001) and haemoglobin (130.9 g/L vs 134.7 g/L, P < 0.001) were still significantly lower in patients with pancreatic head cancer. Pancreatic head cancer always causes the obstruction of bile ducts as well as the gastrointestinal tract and pancreatitis. It affects the nutrition status (haemoglobin and albumin levels) of cancer patients. When a tumor is located in the pancreatic body/tail, it always causes hypersplenism due to the obstruction of the splenic vein. Platelet counts are decreased by hypersplenism. Thus, the platelet count (185 × 10 9 /L vs 210 × 10 9 /L, P < 0.001) was significantly lower in patients with tumors in the pancreatic body/tail. As a result, the level of HALP was jointly increased in patients with tumors in the body/tail of the pancreas. We did not find a significant association between survival and tumor location in patients with resected pancreatic cancer. Importantly, subgroup analysis based on tumor location demonstrated that a low level of HALP was associated with early recurrence and short survival irrespective of tumor location.
In conclusion, a low level of HALP was associated with lymph node metastasis, poor tumor differentiation and high TNM staging. A low level of HALP was suggested to be a significant risk factor for RFS and OS in patients with resected pancreatic cancer. The measurement of HALP is inexpensive, convenient, and necessary for the prediction of disease recurrence and survival. Figure 2 Recurrence-free survival and overall survival were stratified by low/high levels of haemoglobin, albumin, lymphocyte, and platelet in both female and male pancreatic cancer patients. A: Recurrence-free survivals were stratified by low/high levels of HALP (hemoglobin, albumin, lymphocyte, and platelet) in female patients. B: Overall survivals were stratified by low/high levels of HALP in female patients. C: Recurrence-free survivals were stratified by low/high levels of HALP in male patients. D: Overall survivals were stratified by low/high levels of HALP in male patients. HALP: Hemoglobin, albumin, lymphocyte, and platelet. Figure 3 Recurrence-free survival and overall survival were stratified by low/high levels of haemoglobin, albumin, lymphocyte, and platelet in pancreatic cancer patients with tumour located at head and body/tail. A: Recurrence-free survival was stratified by low/high levels of HALP (hemoglobin, albumin, lymphocyte, and platelet) in patients with tumor located at head. B: Overall survival was stratified by low/high levels of HALP in patients with tumor located at head. C: Recurrence-free survival was stratified by low/high levels of HALP in patients with tumor located at body/tail. D: Overall survival was stratified by low/high levels of HALP in patients with tumor located at body/tail. HALP: Hemoglobin, albumin, lymphocyte, and platelet.
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Research background
Systemic inflammation and nutrition status are important factors in cancer metastasis. Hemoglobin, albumin, lymphocyte, and platelet (HALP) consists of haemoglobin, albumin, lymphocytes, and platelets. It is considered the novel marker for both systemic inflammation and nutrition status.
Research motivation
No studies have investigated the relationship between HALP and survival in patients with pancreatic cancer following radical resection.
Research objectives
The study aimed to evaluate the prognostic value of preoperative HALP in pancreatic cancer patients.
Research methods
The relationship between postoperative survival and the preoperative level of HALP was investigated in 582 pancreatic adenocarcinoma patients who underwent radical resection. 
Research results
Low levels of HALP were significantly associated with lymph node metastasis (P = 0.002), poor tumor differentiation (P = 0.032), high TNM stage (P = 0.008), female patients (P = 0.005) and tumor location in the head of the pancreas (P < 0.001). Low levels of HALP were associated with early recurrence [7. 3 mo vs 16.3 mo, P < 0.001 for recurrence-free survival] and short survival [11.5 mo vs 23.6 mo, P < 0.001 for overall survival] for resected pancreatic adenocarcinoma. A low level of HALP was an independent risk factor for early recurrence and short survival irrespective of sex and tumor location.
Research conclusions
Low levels of HALP could serve as a significant risk factor for recurrence-free survival and overall survival in patients with resected pancreatic cancer.
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